Analysing chromatin architecture in interphase nuclei and recombination maps of human 14 and mouse, we observed that blocks of elevated linkage disequilibrium tends to coincide with 15 topologically associated domains (TADs) and isochores. There is a strong correlation between 16 the GC level of TADs, double strand break (DSB) frequency and the local recombination rate.
INTRODUCTION 29
A relationship between genome organization and recombination was discovered from 30 banding of human chromosomes several decades ago. It was shown that translocations are not 31 It was shown (Blat et al. 2002 ) that meiotic chromosomal protein loading is modulated by 54 isochores and that R-bands (GC-rich isochores dense regions) differentially favor double-55 strand break (DSB) formation during meiosis. In mice and humans, spermatocytes begin to 56 enter leptotene, the first stage of meiotic prophase and later in this stage chromosomes are 57 organized in alternating domains of greater and lower DSB activity (Lichten and de Massy 58 2011; Grey et al. 2011; Grey et al. 2017) . But features that influence DSB activity at the scale 59 of chromosomal domains, such as chromatin loops (also called contact domains), are still 60 poorly known. It is widely accepted that the binding of transcription factors and chromatin 61 modifiers influences DSB density (Lichten 2008) and that DSBs occur in regions of 62 accessible chromatin that are present in mitotic as well as in meiotic cells. Along with meiotic 63 DSB repair, the search for homology and the catalysis of strand exchange are likely to be 64 spatially and temporally coordinated to allow for the build-up of higher order chromosome 65 structures (for example, synaptonemal complex, chromosome axes and chromatin loops); this 66 is required for the recombination event to successfully join homologues (Zikler and Kleckner 67 1999; Neal and Keeney 2006; Kleckner 2006) . Cohesin has an architectural role in the 68 organization of interphase chromosomes and similar roles have been proposed for cohesin and 69 the related condensin complexes in meiotic and mitotic chromosomes (Tedeschi et al. 2013; 70 Ono et al. 2003) . 71 The entry of pre-leptotene spermatocytes (PLS) into meiosis is accompanied by several 72 epigenetic changes, in primates as well as in mice. The location of most DSBs is correlated 73 with the trimethylation of histone 3 lysine 4 (H3K4me3) by the DNA binding enzyme Cohen 2016). The outcome is a heterogeneous recombination chromosomal profile where 80 recombination is suppressed in specific mega-base sized regions (Smagulova et al., 2011) .
81
To gain a comprehensive large scale view on the recombination chromatin landscape and 82 dynamic, accumulated large numbers of CO events between the founder haplotypes over 83 successive generations, and high density genotyping or genome-wide sequencing, can be used 84 to obtain accurate localization of these events in human and mouse. The recombination map 
89
Lately LD-blocks and TADs have also been investigated in two other studies which were 90 deposited on bioRxiv. The first study (Greber et al. 2018 ) did not find a significant correlation 91 of TAD boundaries with classical LD blocks, but when applying a new measure, called 92 "Linkage Probability", the authors could report a strong association. The second article 93 (Whalen and Pollard 2018) denies the existence of such an association. 147 We asked whether the TADs, isochores and LD-blocks overlap more than expected by 148 chance. As a quantitative assessment, we performed an association analysis of genomic 149 regions based on permutation tests using the R/Bioconductor package regioneR (Gel et al. with regioneR is "permTest", which takes a region set (RS), a randomization function and an 157 evaluation function as input and returns the object "permTestResults" with the computed 158 p-value and z-score which is calculated iteratively with shifted positions in the RS input set. 159 We calculate z-scores for shifts of 500 kb in 5' and the 3' direction from an original position, 160 the focal site. Plotting average z-scores versus shifted positions, one can observe how the 161 value of the z-score changes when moving away from the focal site: a sharp peak at the centre 162 indicates that the association is highly dependent on the specific genomic coordinates while a 163 flat profile indicates regional or diffuse association. To test for a potential relation between TADs and the recombination map, we used the Hi-C Judging from the human and mouse analysis, we hypothesize that the correlation between 211 recombination rate, local chromatin architecture and GC% is a general property of 212 mammalian genomes. Binding events of key recombination proteins mapped around DSB 213 11 sites are also positively correlated with each other, with recombination rate and with TADs 214 GC % (Table 1) . for spo11 vs. Prdm9 (r = 0. 16, p = 3. 31e-13 ). As reflected in z-score profiles (Figure 3) , the concordance between TADs or isochores and 
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The trade-off between physico-chemical constraints at the DNA level and protein 281 binding partners is expected to affect the conformation of the chromatin fibre that is believed 282 to be primarily determined by its own stiffness, which favours or restricts the formation of 
LD-blocks and chromatin neighbourhoods 288
The relative concordance between TADs or isochores and recombination or LD-289 blocks revealed in this work has two consequences; (1) it suggests that regional variation of 290 recombination is topologically defined in concert with an underlying compositional and 291 epigenetic framework. GC-rich domains (isochores) are recombinogenic, which may explain 292 the small size of GC-rich LD-blocks and TADs sizes ( Figure S3 ). As a result, conserved LD- 
